Human-computer interaction (HCI) is an interdisciplinary research area which concerns the study of interaction between humans (operators as users) and computers. A widely used definition interprets this concept as "a discipline concerned with the design, evaluation and implementation of interactive computing systems for human use and with the study of major phenomena surrounding them" (ACM SIGCHI, 1992). The reason for stating 'interdisciplinary' as the nature of HCI is the involvement of different disciplines contributing to HCI. Computer science is not the only discipline contributing to HCI; other disciplines, such as cognitive psychology, human factors, engineering, design, social and organizational psychology are also considered important and relevant. In the past for many years, a comprehensive range of research and studies concerning different aspects of HCI has been conducted or implemented. These studies are diverse, and include, for instance, dialogue techniques, gestural analysis and multimodal interfaces, computer graphics, computational linguistics, spatial cognition, robot navigation and wayfinding, input styles or devices, and monitor screens etc. However, the ultimate goal of the studies is to contribute to improving the interaction between humans and computer systems by endowing technical systems with higher usability and satisfaction. Facilitating the mutual interaction by presenting information on the status of the computer systems, a user interface normally works as a kind of communication platform or bridge between human beings and computers during the interaction. However, humans work as users operating or controlling the system by processing and interpreting the information. How to design interfaces that assist users in task performance in an optimal manner during interactions is a major challenge for all design engineers. When users interact with computer systems, many factors can influence overall performance. These factors cover various issues from the user side, task side, technical system side, and working environment/context side. 
artefacts. Karlsson (1996) indicated that the definition of users should be associated with the use-activity, i.e. the type of human-artifact relation. Thus, the user is defined as the end user, i.e. "the human being engaged in a use activity" (Karlsson, 1996) . Warell (2001) defined a user as "any individual who, for a certain purpose, interacts with the product or any realised element (system, part, component, module, feature, etc., manifested in software or as concrete objects) of the product, at any phase of the product life cycle." This definition is more comprehensive and practical from the perspective of product design and development, since humans' interaction with the product in the whole product life cycle is taken into consideration. Users may be classified in different respects. For instance, many researchers classify users according to users' relation to the products or other users. Monö (1974) classified users into target groups and filter groups. According to Monö (1974) , users in the target groups are the persons for whom the product is developed or design, while the users in the filter groups may be distributors or purchasers who may influence the target groups' choice of product. Buur & Windum (1994) classified users into two categories -primary users and secondary users. Primary users are those who use the product for its primary purpose, e.g. dialysis nurses who handle a dialysis machine in a medical treatment, while secondary users are those who actively use the product but not for what is primarily intended, e.g. maintenance personnel. Based on Buur & Windum's (1994) classification, Janhager (2003) added two other user categories: side-users and co-users. Side-users are "people who are affected by the product, either negatively or positively, in their daily life but without using the product", e.g. patients receiving ventilation treatment, while co-users are "people who co-operate with a primary or secondary user in some way without using the same product", e.g. medical doctors. However, in HCI, users' individual differences and their tasks are always indicated as the two most important issues addressing usability (Nielsen, 1993) . Users are not homogeneous; they differ in many respects, such as gender, age, physical abilities, educational level, organizational culture, operator skills etc. It is the diversities that make users both different from each other as individuals and similar as a collective group. The importance of user characteristics, e.g. age, gender, body dimensions and training, is always stressed, since user characteristics can influence the use situation and thus have an impact on the product design (Hedge, 1998; Preece, 2002) . Considering that user characteristics define the users' abilities and limitations in the use situation, many researchers have classified users on the basis of user characteristics and carried out studies to investigate how these characteristics influence users' performance in the interaction with technical systems. For instance, elderly users were found to have a decline in higher-order cognitive processes, such as attention (Owsley et al., 1991) , and also a slower speed in almost all tasks that stress rapid performance (Botwinick, 1973; Welford, 1977) . Broos (2005) carried out a study on gender aspects and found that women showed a higher computer anxiety than men, implying that men are more self-assured and women are more hesitant. The purpose of user classifications is to identify or investigate users and their performance or acceptance of product design, thus providing useful information or a basis to designers for product improvement. Faulkner (2000) and Preece (2002) stressed the importance of considering users' use experience of the product. Engelbrektsson (2004) identified three different types of use experience that result in different enabling effects in user elicitation: "problem experience enabling through the users having e.g. experienced problems with existing product design; interaction experience enabling through the users gaining experience of interacting with a user interface and becoming aware of the properties of the product; and product use experience enabling through the users gaining experience of using the product in a use activity, i.e. a situation in which the product has become a mediator in order to reach the user's goal." However, considering users' use experience of the product from perspectives of product evaluation and interaction, use experience here is classified as interaction experience and use experience. Interaction experience addresses how users gain experience of the product by interacting with a user interface in a specific or certain situation, e.g. usability tests. Use experience refers to the experience that users gain by using the product in real life. Janhager (2005) indicated that length of use and education concerning the product, and frequency of use, are the two bases for defining users' use experience of the product. However, apart from length of use and frequency of use, users' expertise level is a most direct and precise criterion for determining users' use experience of the product.
User profiles
As a popular term widely used by industrial companies to represent real users, the user profile is a method of presenting data from studies of user characteristics (Janhager, 2005) . It may also be supplemented with a description of relationships between various users. Kuniavsky (2003) indicated that the 'user profile' is almost the same as a persona, i.e. some kind of fictitious person as a collection of attributes (e.g. goals, age, attitudes, work, and skills). In other words, a user profile of the target group contains collective information about mental, physical and demographic data for the user population as well as other characteristics. It is possible to make user profiles for one or more fictional individual users in the form of personas, thus describing the user's characteristics in the form of knowledge, abilities and limitations in relation to the product, equipment or system with which the user will be integrating ). The ultimate purpose of using user profiles or persona is actually to help designers to recognize or learn about the real user by presenting them with a description of a real user's attributes, for instance; the user's gender, age, educational level, attitude, technical needs and skill level. User profile does not necessarily mirror or present a complete collection of a whole user population's attributes. The essence of user profiles is accurate and simple collection of users' attributes. In the product design process, user profiles are normally created early and used as a basis for usability evaluation and product redesign.
Age difference
Age is an important issue to bear in mind. Aging has been found to result in a decline in, for instance, the physiology and neurophysiology of the eye (Darin, et al., 2000) ; in physical, sensory and cognitive factors (Craik & Salthous, 2000; Hitchcock et al., 2001; Scialfa et al., 2004) ; in higher-order cognitive processes; such as attention (Owsley, et al., 1991) , and in a slower speed in almost all tasks that stress rapid performance (Botwinick, 1973; Welford, 1977) . It is generally accepted that, such declines accelerate after individuals reach their midforties (Hawthorn, 2000) . At the same time older individuals have been argued to become more cautious (Okun & Di Vesta, 1976) , and therefore more prone to plan before acting, rather than applying a trial-and-error approach. In computer-based work, it was found that older people took longer time and made more errors (Czaja & Sharit, 1993; Laberge & Scialfa, 2005; Sayer, 2004) , as well as showed slower in performance and made more slips in using input devices (Chaparro et al., 1999; Smith et al., 1999) . Kang and Yoon (2008) made a study comparing the behaviour of younger and middle-aged adults when interacting with complicated electronic devices. Their results revealed that age differences meaningfully affected the observed error frequency, the number of interaction steps, the rigidity of exploration, the success of physical operation methods, and subjective perception of temporal demand and performance. In contrast, trial-and-error behaviour and frustration levels were influenced by background knowledge rather than age. Elderly people were also found to have more usability problems in the use of mobile phones (Ziefle & Bay, 2005) . When investigating elderly people's use of mobile phones and characteristics of an aging-friendly mobile phone, Kurniawan (2008) found that elderly people experience fear of consequences of using unfamiliar technology.
Gender difference
The significance of considering, for instance, gender has been shown by Belenky et al. (1986) , Philbin et al. (1995) , as well as by Sadler-Smith (1999) . These studies propose; e.g. that males tend to be more abstract learners, more intuitive and undirected, while females are more anxious about results, more analytical and organized. Furthermore, Barret and Lally (1999) conclude that males behaved more actively than females in a formal on-line learning environment, e.g. sending more and longer messages. In a recent study by Broos (2005) , it was found that females showed a higher computer anxiety than males, implying that males are more self-assured and females are more hesitant. Gender differences are also found in preferred design features, for instance, females focusing on haptic aids and males on perceptual aids (Kurniawan, 2008) .
Cultural difference
Cross-cultural design of interfaces is currently pervasive in industries and manufacturing. Such a trend brings up research concerning the validity of cross-cultural design, the impact of cultural differences on users' behaviour in interaction, as well as how to incorporate and accommodate cultural differences in interface design etc. Human beings are always thought of as having similar basic psychological characteristics, i.e. humans across the world perceive and reason in the same way (Brown, 1991; Pinker, 2006) . Segall et al., (1999) pointed out that cultural differences influence humans' application of preferred skills and strategies to cognitive processes in each particular situation, even though humans share similar basic cognitive functions. As compelling evidence shows, how people from different demographic regions in the world perceive objects and situations is shaped by cultural-historical differences in physical environment, upbringing, education and social structure (Nisbett, 2003; Nisbett et al., 2001 ). Linking to usability evaluation methodology, cultural issues are always excluded from the influential factors group and conceived as non-influential on outcomes of usability evaluation in most studies (Clemmensen et al., 2009 ). For many years, studies have been made to investigate the effect of influential factors on the outcomes of usability evaluation, such as choice of task scenarios, number of test participants, choice of methodologies, choice of test places etc. However, less attention is given to cultural effects on the evaluation process, for instance, whether or how test participants' cultural background affects evaluation outcomes, and whether choice of task scenarios and interface heuristics should overlook cultural effects. Concerning disagreements between usability studies, discussions are rarely conducted in terms of cultural effects. Clemmensen et al. (2009) made a deep analysis of cultural cognition in usability evaluation and illustrated the impact of cultural cognition on four central elements of the thinkingaloud method (TA): (1) instructions and tasks; (2) the user's verbalizations; (3) the evaluator's reading of the user, and (4) the overall relationship between user and evaluator. In conclusion, some important findings are emphasized, such as the importance of matching the task presentation to users' cultural background, the different effects of thinking aloud on task performance between Easterners and Westerners, the differences in nonverbal behaviour that affect usability problem detection, and the complexity of the overall relationship between a user and an evaluator with different cultural backgrounds.
User expertise
In the literature, 'expertise' is defined as the mechanism underlying the superior achievement of an expert, i.e. "one who has acquired special skill in or knowledge of a particular subject through professional training and practical experience" (Webster's Dictionary, 1976), or "expert knowledge or skill, especially in a particular field" (Oxford Advanced Learner's Dictionary, 1995) . However, what we always mean by 'users' expertise' is users' special skill or knowledge that is acquired by training study, or practice. It is obvious that users' expertise is related to their practice or experience with a specific system or subject, and can be seen as a consequence of the users' capacity for extensive adaptation to physical and social environments. Users' experience with a specific system or subject is the dimension that is normally referred to when discussing user expertise (Nielsen, 1993) . As a matter of fact, differences in users' experience are a practical issue in human-machine interaction (HMI) or human-computer interaction (HCI). The development of users' expertise often comes about through long periods of deliberate practice. To a certain extent, users' experience with a specific system or subject can greatly facilitate their acquisition of expertise. In many studies, users are classified into different categories according to the users' different experience. For instance, Shneiderman (1992) indicated three common classes of users along the user experience scale: (1) novice users -" users who know the task but have little or no knowledge of the system"; (2) knowledgeable intermittent users -"users who know the task but because of infrequent use may have difficulty remembering the syntactic knowledge of how to carry out their goals"; and (3) expert frequent users -"users who have deep knowledge of tasks and related goals, and the actions required to accomplish the goals". Nielsen's (1993) classification is similar to Shneiderman's (1992) , i.e. users can be classified as either novices or experts, or somewhere in -between. Comparisons between novice and expert users can never be overlooked when studying users' differences in expertise. Although theoretical definitions of the users' expertise categories (i.e. novice user, intermittent user, and expert user) are provided by some researchers, such as Shneiderman (1992) and Nielsen (1993) , the boundaries between the user categories are actually very vague. One reason is that novice users will evolve into expert users after sometime learning and practice. The development of expertise is a learning process with progressive acquisition of skill between novices and experts. This implies that users' expertise categories are dynamic and status-based. Users' acquisition of skill is normally proportional to time and practice. However, it is almost impossible to distinguish the user categories by means of exact date/time or exact amount of practice. The categorization can only be based on the immediate status of the users' skill level.
A common idea is that experts appear to have fewer errors and lower severity of errors than novices in performance (Larkin, 1983) . In addition, experts' mental models are more abstract and novices' models appear more concrete concerning levels of knowledge (DiSessa, 1983; Doane, 1986; Greeno, 1983; Larkin, 1983) . Expert users have been argued to be better at detecting design defaults (Dreyfus & Dreyfus, 1986) , understanding functional relationships (Chi et al., 1981) , and identifying problem-solving strategies (Klein, 1999) . The simple differences between novices and experts can also be found in some objective measures of performance, such as error rates during task completion, time expenditure during task completion, problem-solving, decision-making and judgment. Such distinctions can be seen in many fields. For example, expert programmers can always write computer programs in a more concise and logical way than novice programmers; expert medical physicians are almost always better at diagnosing a disease correctly than novice physicians; expert pilots are generally more skilful at judging the situation precisely and coping with occasional events than novice pilots.
User expertise vs. mental models
In HCI, mental models are frequently mentioned in interface design and tied closely to usability; this is because of their major role in cognition and decision-making during the process of interaction. With the help of mental models, designers can get a clear picture of what users are trying to accomplish, and then align design strategy with users' behaviour accordingly and effectively. Mental models are always indicated as psychological or inner representations of reality that people use to understand specific phenomena. The concept of 'mental model' was first formulated by Kenneth Craik (1943) with an assumption that people rely on mental models in their performance. A mental model reflects the true roots of human behaviour, philosophies and emotion about how to accomplish tasks. In the light of Johnson-Laird's (1983) definition, mental models reveal the process in which humans handle and tackle tasks of deductive reasoning, and they might not necessarily be more complex or represent real-life cases. Sasse (1997) pointed out that many existing mental model theories are supported by the following assumptions: (1) users form a mental model of the internal workings of the computer systems they are interacting with; (2) the content and structure of that mental model influence how users interact with a system; (3) selecting what information about the system is presented to users and how it is presented can influence the content and structure of a mental model; (4) more detailed knowledge of how users construct, invoke, and adapt mental models could be used to provide guidance for user interfaces and user training, which could help users to form appropriate models. A common view, from the existing theories of mental models, is that humans can build up mental models by perception, imagination or conversation. Many researchers are devoted to investigating how mental models are constructed. However, there is no agreement on exactly how mental models are constructed. Some issues of disagreement are found between different theories, such as the structure of the mental models how the mental models influence the interaction between the user and the system, and how the mental models are constructed (Sasse, 1997) . Burns (2000) indicated that mental models traditionally have been characterised in two ways, i.e. the construction of a mental model in a specific situation, and as being activated from generalised knowledge. Mental models can be incomplete, simple, abstract and even general. They can also be continuously evolving. The more detailed and correct the mental models are, the more success users will achieve when interacting with machines or devices.
Mental model issues are important and helpful to comprehend how humans process information in various environments. It has long been assumed that users do employ some type of model when interacting with machines. Norman (1983) indicated that mental models provide 'predictive and explanatory power' for understanding the interaction. Norman (1983) indicated the designer's mental model as a conceptual model. A few years later, Norman (1986) proposed a diagram and distinguished designers' models (i.e. the design model) and users' mental models (i.e. the user's model). Designers' models are always assumed to be an accurate, consistent and complete representation of the target system, whereas users' models might be limited and partial mental models of the designers' models. On condition that a user's mental model matches a designer's model, usability can be achieved and errors can be reduced. Many studies have been made to investigate whether users actually have and use mental models when interacting with devices and systems (Rogers et al., 1992) . By observing users' performance on a system and comparing novice-expert differences in problem-solving abilities within a particular domain, most of the research infers the existence of mental models. Users' mental model will affect the success of their performance. Reason (1990) stated that inaccurate mental models of more complex systems (e.g. airplanes, nuclear reactors) can lead to disastrous accidents. Burns (2000) indicated that decision errors are not actual errors but normal consequences of the operator's mental model. Referring to the user expertise issue, a relevant question is whether novice and expert users have the same or different mental models during the interaction, and how their mental models facilitate their performance. Larkin (1983) investigated how novices and experts reason about a physical situation, and found that the novice's model represents objects in the world and simulates processes occurring in real time, whereas the expert's model represents highly abstract relations and properties. A common idea of many researchers is that experts' mental models are more abstract and novices' models appear more concrete concerning levels of knowledge (DiSessa, 1983; Doane, 1986; Greeno, 1983; Larkin, 1983) . DiSessa (1983) used the term 'macro-model' to describe experts' richer and more abstract models. Experts appear to have fewer errors and lower severity of errors than novices in performance (Larkin, 1983) . Concerning problem-solving abilities, novices were paralyzed by their ability to solve problems, while experts had several strategies for problem-solving (Stagger & Norcio, 1993) . In a study on computer programming, for instance, Davies (1994) found that expert problem-solvers extracted additional knowledge from their more complex mental models to solve the tasks, while novice problem-solvers focused on the surface features of a problem. Novices reason on the basis of mental simulations that call for the construction of models representing typical sequences of affairs (Kahneman & Tversky, 1982) . However, there are still many related issues that are unclear or not solved yet -for instance, when interacting with an unknown or new system/device, how much help expert users can get from their existing mental models to construct new mental models, and whether expert and novice users have different mental models when they navigate the unknown system/device, neglecting the complex levels of interfaces. Furthermore, whether expert users' old mental model can adapt to a new interaction context, how such adaptation facilitates or affects their interaction performance in the new context, and what external factors can bring disturbance to the adaptation, are of great concern to researchers. The different types or brands of a machine/system can either resemble or differ from each other in some aspects of interface; for instance, in terms of icons, symbols, layout of information display, menus, and terminology. The resemblance between similar machines/systems can lead to confusion for users in the interaction, due to a lack of firm boundaries between mental models (Norman, 1983) . Although the basic underlying theory of machine handling is more or less the same, there are two typical theoretical views produced to illustrate how expert users' mental models facilitate their performance in navigation during interactions. The difference between the two theoretical views is whether or not expert users depend on the organization of the interface in their interaction. For instance, Spiro et al. (1988; 1991) proposed the Cognitive Flexibility Theory (CFT) to emphasize the adaptation of expert users' mental models to the new and unknown interface, implying that expert users outperform novice users due to their mental model's adaptation to match the changes of the new or unknown interface/system. However, Vicente and Wang's (1998) Constraint Attunement Hypothesis (CAH) theory indicates that expert users' better performance is tied to the organization of the interface, implying that expert users will outperform novice users if the new and unknown interface resembles the old interfaces. In reality, such resemblance and variation in interface organizations are unpredictable and controlled by manufacturers. Based upon systematic research on users' expertise in different interaction situations, it was found that expert users appear to rely on their latest mental model in problem solving when novice and expert users interact with a new and unknown type or brand of a simple machine/system (Liu, 2009 ). This implies that expert users tend to rely on their old mental models to explore a new and unknown interface. When facing new terminologies in the interaction, expert users' efforts to solve the problem appeared to be based on semantic resemblance, while the novice users' efforts appeared to be purposeless (Liu, 2009 ). What could be learned from the findings of this current research is that expert users' navigations are based on their old mental models when interacting with a new and unknown interface. Novice users chance to explore or navigate the interface without any existing old mental models. In addition, Liu (2009) indicated the two sides of expert users' old mental models, i.e. the existing old mental models can both benefit and impede expert users' interaction with a new or unknown interface. The positive and negative roles of experts' old mental models depend on the amount of resemblance or difference between the old and the new/unknown interfaces. On the one hand, expert users could benefit in their interaction when their old mental models comply with the design of the new interface. On the other hand, when expert users' old mental models do not comply with the new design, expert users may have problems in their interaction or confront failures in exploration if they stick too firmly to their old mental models. In order to avoid this negative effect, it is important for designers and manufacturers to consider standardization issues in design. Liu and Osvalder (2009) pointed out that terminology was a serious problem when using the same medical devices from different manufacturers. Such terminology problems can cause confusion to expert users in their guessing and exploration, which influenced expert users' performance in the interactions. In real medical contexts, it is common to see that the same devices designed and produced by different manufacturers are used in the same units at hospitals. If there is a big difference in terminology between the same devices of different brands or types, then the terminology problem will bring unnecessary annoyance and stress to the medical staff, and it might even lead to potential risks in their routine work.
Model of users' expertise vs. complexity of medical user interfaces
The effect of users' expertise difference on users' performance in the interaction should be studied together with considering complexity of the interfaces. Until now, there has been no definite or widely accepted guideline or principle regarding how to classify or define the complexity of user interfaces. There could be different ways to classify the complexity levels of different interfaces. From a practical viewpoint, Liu (2009) proposed a way to define the complex levels of user interfaces based on five criteria: (1) ease of manipulation, which can be seen from learning and training; (2) hierarchy of tasks both in broadness and in depth; (3) amount of information in menu or pop-up windows; (4) number of items in menu and popup windows; and (5) amount of cognitive resources and physical resources required in the operation. Such a way of categorization is mainly based on amount of functions and subfunctions, hierarchical levels of menu systems, and training time. The rationale of the categorization has been successfully used in classifying medical user interfaces in medical fields which require higher and stricter safety at work. This could be seen in research on the relationship between differences in users' expertise and in the complexity of medical user interfaces (Liu et al., 2007; Liu, 2009) . Concerning the effect of users' expertise on their (Fig.1) illustrating users' expertise vs. complexity of medical user interfaces. In the model, Nielsen's 'User cube' (1993) was adopted as the basis to analyze and classify users' expertise. The three dimensions that user expertise is classified along are interpreted as: (1) Interaction knowledge, i.e. the general knowledge about interacting with a specific machine interface and the relevant elements (e.g., recognizing the function of the menu system, layout and elements of the interface, buttons, icons, etc.); (2) Task knowledge, i.e. the knowledge of the task domain addressed by a specific interface/system (e.g., terminology); and (3) Domain knowledge, i.e. the theoretical knowledge or underlying theory about a task completion that is independent of a specific product or system (e.g., knowledge of how to act in order to cope with a certain state or task). For user-(medical)device interaction in the medical field, the three dimensions along which user expertise is classified are interpreted correspondingly as: interaction knowledge about a specific medical device, task knowledge addressed by a specific medical device, and domain knowledge about the specific medical treatment. Thereby, expert users are defined as users who have rich interaction knowledge, task knowledge and domain knowledge of a specific system, and are skilful in obtaining and using the knowledge to achieve goals or tasks in the interaction. Likewise, novice users are defined as users who are naïve about a specific system, having less use/interaction experience, and appearing unskilful in using and obtaining knowledge to achieve goals and tasks in the interaction. One issue illustrated by this model is the relationship between the interface and different components or dimensions of users' expertise. An obvious attribute of interfaces affecting the users' task knowledge is the terminology used (i.e. names of functions, concepts or icons). However, the obvious attributes of interfaces affecting the users' interaction knowledge appear to be layout and elements (e.g. menu structure and ways of interaction). Secondly, the model shows that the influence of users' expertise on users' behaviour differs in relation to the complexity levels of medical user interfaces. Such a model provides information about differences between novice and expert users in the activity dimension. When interacting with a simple medical user interface, the expert users are not superior to the novice users in performance. In other words, expert users appear similar to novice users in terms of task completion. However, the expert users outperformed the novice users when interacting with a complex medical user interface, implying that the effect of users' expertise difference is visible in the activity dimension. The complexity of complex user interfaces makes it easier for novice users to get lost in the navigation. Liu (2009) indicated that novice users appear to choose buttons or actions more or less by chance during the navigation, while expert users base their interaction on reasoning and decision-making reflecting their professional skill. Although this model was developed on the basis of usability studies in the medical area, the results and findings can be referred to or applied in other areas as well, such as process industries which demand high safety and high levels of users' expertise/skill.
Impact of user expertise on usability evaluation

Users' expertise issue in usability evaluation
Usability evaluation is an important step in design development and refinement for UCD and interactive design. For interface design, usability evaluation is needed in various stages of the whole design process, aiming to avoiding usability problems from the beginning.
Usability testing (e.g., Nielsen, 1993; McClelland, 1995) is a commonly used method for assessing the usability of a product or system. A range of earlier studies has investigated the effects of different methodological approaches on the result of a usability test. For instance, different data collection methods have been compared including comparisons between theoretical and empirical evaluations (e.g. Karat, 1988; Landauer, 1988) . Usability tests in laboratory environments have been contrasted to tests in real-life settings (e.g. Jørgensen, 1989) . The effect of the number of subjects in the usability tests has been explored (e.g. Lewis, 1994; Virzi, 1992) , and the outcome of individual versus cooperating users as test subjects has been investigated (Hackman & Biers, 1992) . Also the choice of evaluation tasks has been evaluated Karat et al., 1992) . Furthermore, the level of experimenter intervention and the evaluator aspect (Jacobsen & Hertzum, 1998 ) have been covered. As an increasingly important aspect of usability studies, the user profile has gained attention. By acquiring knowledge about the intended users' age and gender but also, for instance, their education and cultural background, it is considered possible to better foresee the potential difficulties that users may face when learning and interacting with the interface. Computer-based technical devices or machines w i t h d i f f e r e n t b r a n d s o r b y d i f f e r e n t manufacturers provide a possibility for consumers or buyers to choose the options that are most suitable in terms of either business profits or practical considerations in today's marketing. For instance, hospitals have to update or purchase new equipment from time to time in order to meet the requirements of treatment, and sometimes they have to consider updating and buying equipment of different brands/-types or perhaps by different manufacturers. A practical question is whether the expert users can transfer their expertise to facilitate their interacting with a new brand/type of computer-based systems-that is, if the expert users are asked to perform their familiarized or routine tasks, whether they can adapt their performance or capability to new brands/types of computer-based systems. In addition, how should designers involve users having different expertise levels in the design process, as well as choose test participants at usability evaluation stage in order to benefit the design process in an optimum way? Hence, we focus on discussing user expertise and its impact on usability evaluation in this chapter. In the traditional rationale of usability testing, novice and experts are always given separate tests and different tasks; e.g. tests involving novice users focus on learnability while tests with expert users most often focus on optimal use (Fulkner & Wick, 2005) . The difference in testing focus cannot help but implement comparison across user levels (Faulkner and Wick, 2005) . A study by researchers from the Hong Kong University of Science and Technology suggested that testing and analyzing the performance of novice users against experienced users in the same test provides an additional layer of information that testing the two separately does not provide (Goonetileke et al., 2001) . Based on examination of usability test guidelines and recommendations from popular usability handbooks, such as Barnum (2002), Hackos and Redish (1998), Nielsen (1993) , and Rubin (1994) , the pervasive view is confirmed, i.e. testing novices and experts for different reasons and adopting different information-gathering approaches. In order to gain a picture of its full range of usability, it is essential to get data from all levels of users. Even though a number of studies argue the importance of considering users' expertise in usability tests (e.g. Goonetilleke et al., 2001; Levenson & Tuner, 1993) , few studies have systematically investigated the effect of user expertise difference on the test results when different user categories have been considered. What can be expected is that the users' level of expertise will influence the problems that they may face when learning how to interact, or when interacting with, a user interface, so this same aspect can be assumed to influence the results of a usability test as well. The most recent study about user expertise issues is an empirical study examining the impact of user expertise and prototype fidelity on the outcomes of a usability test, conducted by Sauer et al. (2009) . In that study, user expertise (expert vs. novice) and prototype fidelity (paper prototype, 3D mock-up, and fully operational appliance) were manipulated as independent variables in a 2 × 3 between-subjects design. The results revealed that experts had more usability problems but with lower severity level than novices. Prototypes with reduced fidelity were found basically suitable to predict product usability of the real products, which gives implications for prototype fidelity issues in running usability tests. Liu (2009) analyzed and summarised the impact of user expertise on outcomes of usability tests when interacting with user interfaces of different complex levels (i.e. simple interface and complex interface). The contributions of users with different expertise (i.e. novice and expert users) during the usability tests were analyzed and compared along two dimensions, i.e. an activity dimension, referring to users' activity during task completion (e.g. actions, errors made), and a verbal explanation dimension, referring to users' verbal explanation or subjective opinions (such as their presentation of redesign proposals). The information extracted from the test results, which revealed the contributions of the users with different expertise, was classified according to these two dimensions. Both quantitative data (e.g. number of errors and task completion time); and qualitative data (e.g. cause of errors based on analysis of verbal protocols) were considered in the analysis of the users' activity, while only qualitative data (e.g. ways of presenting information, sources of decision-making for redesign proposals, contents/volume of proposals) were considered in the analysis of users' verbal explanations. What has been identified is that a quantitative analysis of; e.g. task completion time and/or number of errors; reflects only on a fairly superficial level the differences in users' expertise. This implies; e.g. that there may be no differences between novice and expert users when interacting with a simple interface, but that the differences would be evident if interacting with a more complex interface. However, the findings concerning qualitative analysis of verbal explanation and causes of errors instead stressed the differences between novice and expert users by characterizing the basis for decisions underlying certain actions as well as the presentation of redesign proposals. Therefore, quantitative analysis is insufficient to investigate and reach an understanding of users' expertise differences and its impact on the outcome of a usability test. Insufficiencies of domain and interaction knowledge are; e.g. consistently identified as typical causes of errors for novice users. On the other hand, the differences of information organization between previously experienced user interfaces and the interfaces interacted with in the usability tests affected expert users' task completion. Consequently, expert users made task-related errors due to terminology issues and interaction-related errors due to their 'old' mental model of how to interact with the user interface. Some errors due to a lack o f a t t e n t i o n w e r e d e t e c t e d i n b o t h u s e r g r o u p s . H o w e v e r , e x p e r t u s e r s m a d e s u c h unintended errors; due to the negative influence of expert users' contentment with their expertise level. Novice users made a few such unintended errors, due to unusual external factors (e.g. temporary and unpredictable tiredness during the tests). The qualitative analysis of verbal statements also revealed some typical differences between novice and expert users in decision-making, presentation and judgement, which implied that expert users' use experience and novice users' interaction experience differ in contributing to product design and development.
Implications for choice of test subjects
Most researchers consider it important to understand user requirements when developing products (e.g. Cooper & Kleinschmidt, 2000; Nielsen, 1993; Ullrich & Eppinger, 1995; Urban & Hauser, 1993) . Users' involvement in the design process is critical for understanding user requirements for the products. Engelbrektsson (2004) pointed out that the choice of participants is a key issue for eliciting user requirements in user studies. There has been a debate between researchers regarding whether novice or expert users should be chosen for the design process. For instance, in the traditional scientific view, 'naïve' users (users without any knowledge or use experience about a certain product) are suggested to be chosen for experimental tests in order to avoid the bias of previous experiences and habits (e.g. Chapanis, 1959) . However, Johnson and Baker (1974) argued that such 'naïve' users could lead to invalidity of the test results in the product development. A study made by Engelbrektsson et al. (2000) found that users with little or no prior product use experience based their assessments on interaction experiences made during the product (usability) test only, while users with long product use experience typically made references also to prior experiences in their assessments and comments on the product being tested. In the product development process, a most common question for designers is how to choose users as test subjects when carrying out usability evaluation on a new, recently developed product/system. The key point is whether expert users can transfer their previous expertise or knowledge to facilitate their interacting with an unknown or recently developed machine/system. Engelbrektsson (2004) classified users' use experience into three categories: problem experience (e.g. experiencing problems with existing product design), interaction experience (e.g. users interact with a user interface during the development process in an experimental test setting), and product use experience (e.g. experience gained from use situations). Engelbrektsson et al. (2000) stated that expert users with long product use experience could combine their previous use experiences and their interaction experience in their assessments and comments on the new product being evaluated. Liu (2009) analyzed the characteristics of novice and expert users' difference in terms of redesign proposals and ways of presentation during usability evaluation. The expert users' proposals appeared to be inductive in character, i.e. the expert users summarized their redesign suggestions based on long-term practical experience, while the novice users' proposals appeared to be deductive, i.e. they summarized their redesign suggestions either based on a few incidents experienced in the short-term period or based on their subjective reasoning. This implied that users' subjective comments on redesign proposals and ways of presentation are related to differences in users' expertise. Novice users may provide more useful information on design issues describing how to manipulate a simple interface (including relevant buttons and menus etc.), while expert users can provide information on more experienced users' problems when faced with a new design and can better project their interaction experience in a controlled test environment to real-use conditions. In terms of the guessability and learnability of the new interface, novice users' information originated from their interaction experience during the test only, while expert users' information originated from the combination of their interaction experience during the test and references also to prior experiences with other types or brands of products.
Concerning important implications for choice of test subjects in usability tests, a general point is that choosing expert users as test participants may compensate for the limitations of usability tests, in that the interaction experience gained during the test can indeed be weighed against actual use, and use during different use conditions. This has, for instance, been suggested by Karlsson (1996) . Liu (2009) indicated that interaction situations, i.e. complexity levels of interfaces, should also be considered when choosing test participants for usability tests. In the case of interacting with simple interfaces, novice and expert users should be involved in usability tests but for different reasons, i.e. involving novice users for investigating interaction or interface aspects, and expert users for redesign proposals. However, in the case of interacting with complex medical user interfaces, expert users are more suitable for usability tests. At the user research stage, expert users should be involved, since expert users can benefit the research with useful and practical information based on their own previous use experience, problem experience, and collected news of other users' experience. Evaluation and conceptual design are two important stages in the iterative design process, where necessary usability evaluation is requested. At the conceptual design stage, initial concept products or prototypes are normally created. Due to business commercial and confidentiality reasons, the analytical evaluation approach by in-house engineers or usability experts is widely adopted in medical industries for verification of the conceptual design. Although medical device users should receive special medical training before starting real use of the devices, ease of learning is always a basic and critical usability heuristic for device design when considering safety and risk management in the medical health care system. By taking novice users' learning experience by exploration into consideration during the usability inspection process, analysts can successfully predict real novice users' performance and their potential problems with the design. At the evaluation stage, an empirical evaluation approach is normally to be employed on manufactured machines or devices with full functions. In order to get accurate users' elicitations, novice users should be employed in the usability evaluation as test subjects for medical devices with simple user interfaces, while expert users should be employed in the usability evaluation as test subjects for medical devices with complex user interfaces.
Summary
This chapter shows the importance of user profiles in the interface design process, and especially aims at updating the current knowledge of research about novice/expert issues and emphasizes novice and expert users' difference in various interaction situations, as well as providing key implications for interface design. It is indicated that the effect of users' expertise on the empirical evaluation results may differ between simple and complex user interfaces. Expert users outperform novice users when interacting with a complex interface, but not when interacting with a simple interface. The analysis of redesign proposals has implied that novice and expert users differ in the content and coverage of information suggested, as well as in ways of presentation. Expert users' previous use experience can have both positive and negative influence on users' interaction with interfaces. On the one hand, previous use experience could benefit expert users through richer interaction knowledge. On the other hand, expert users appear to rely on their previous use experience and stick to their old mental models of task completion, which has a negative influence on their mental models' adaptation to the interaction with a new or unknown interface. Compared with novice users' proposals, expert users' proposals appeared to be more concrete and detailed in content and volume, as well as broader and deeper in coverage. Novice users proposed redesign suggestions based on their interaction experience during the test, and on deductive reasoning -while expert users proposed redesign suggestions based on their interaction experience during the test, and on inductive reasoning that referred to their prior use experience with other types or brands of products. Due to lack of experience or practice, personal preferences were found to be a basis of novice users' judgments and redesign proposals. Due to more use experience or practice, expert users appeared to be unbiased in subjective assessments. When choosing participants for usability tests, it is necessary to consider both users' expertise difference and the level of complexity of the interface to be tested. For simple user interfaces, novice users should be involved in usability evaluation for eliciting useful information about how to manipulate the interface (e.g. menus and buttons), while expert users should be involved for eliciting constructive information on re-learning issues with a new design as well as suggesting helpful redesign proposals. For complex medical user interfaces, expert users should be more suitable to be chosen as test subjects in usability evaluation due to their constructive redesign proposals as well as the practical usability problems identified by their performance. The differences in information organization between the previously used interfaces and a new or unknown interface interacted with in the tests; can influence expert users' interaction with the new or unknown interface. When the information organization of the previously used interfaces resembles that of the new or unknown interface, expert users can outperform novice users. When there is a big difference between the previously used interfaces and the new or unknown interface concerning information organization, expert users' old mental model or previous use experience can have negative effects on their interaction. Although science and technology provide the possibility for the HCI and interface design to develop rapidly and innovatively, there still exist some challenges for designers and engineers to go deeper in thinking and studies -for instance, how to deal with innovations of interface elements (e.g. navigation methods, terminology issues, icons and their representations) so as to balance the old and new designs and to avoid confusion for users, how to understand and apply globalization and standardization in interface design, and how to reach optimal trade-offs when considering different attributes of user profiles. All these questions urge the necessity and importance of investments in research on user profiles in the near future.
